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What do we w-

* Energetic particles
e Solar (SEPs)
* Suprathermals (still SEPs)
e Cosmic rays (GCRs, ACRs)
* Corotating interaction region Tord
(CIR) particles | e m'"a"°" ks
* Basic properties €
* Energy or velocity
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What do we want to meé s~ure?

* Energetic particles
 Solar (SEPs)
* Suprathermals (still SEPs)
e Cosmic rays (GCRs, ACRs)
* Corotating interaction region
(CIR) particles
* Basic properties
* Energy or velocity
* Mass (species)
* lonic charge state
* Intensities

* Why — see previous lecture
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Difficulties

* Large energy range
» Multiple instruments (in €
* Large intensity variations
* Limit what you look at
* Choose instrument based on most desirable

* Limited spacecraft resources
* Mass, power, telemetry
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How are SEI

* On the ground .
* neutron monitors / muor

*[n space (since early 1960s)
* first measurements (scintillation and Geiger counters)
* dE/dx vs E’ technique
* Time of flight

* Charge states

*E/q " dE/dx ‘
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Neutron monitors Muq\n detectors

* Method

* Particles interact with Earth
atmosphere

* Neutrons measured by
oroportional counters
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Neutron monitors/ Muq\n detectors

* Advantages .

e Easy to install/maintain (on the ground i
* Relatively inexpensive
* Multiple locations provides info
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* Advantages
* Easy to install/maintain (on the ground)
* Relatively inexpensive
* Multiple locations provides info

* Disadvantages
e Cannot distinguish species (mostly
protons)
* Complicated physies'to account for
transmission
* High energy only > ~500 MeV. -
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Silicon stack detectors (dE vs E’)

* Method

* Particles interact with silicon
and deposit energy

. Tracks separate by Z and M
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Silicon stack detectors {dE vs E’)

* Method

* Particles interact with silicon
and deposit energy

* Tracks separate by Zand M
* Stack to get range of energies




Silicon stack detectors (dE vs E’)

* Advantages
* Elements

* |sotopes possible
* Pretty robust




Silicon stack detectorsic
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Silicon stack detectors {dE vs E’)

* Advantages
* Elements

* |sotopes possible
* Pretty robust

* Disadvantages
* In space, so can’t fix
* Telemetry dependent
* Low energies is hard
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Time of flight (1TOF) x

* Method

* Measure the time it takes to
travel known distance and total energy

* Multiple TOFs to check consistency

Si solid state detector

Side View



Time of é,_

* Method
* Measure the time it t
travel known distance and

* Multiple TOFs to check consistency




Time of flight (TOF}N

* Advantages
* Elements _‘
: e Wind/EPACT/STEP
* |sotopes possible iilnaes 20422 October 2002
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Time of flig

* Advantages
* Elements

* |sotopes possible

* Disadvantages
* Foils can be fragile
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Proportional Counter
* Methods
*E/q+dEVE
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Charge state

* Methods
*E/qg+dEVE

* Geomagnetic filter
e Use Earth’s B field




Charge states

* Methods
*E/q+dEVF

* Geomagnetic filter
e Use Earth’s B field
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Charge states

* Methods
*E/q+dEVF

* Geomagnetic filter
e Use Earth’s B field

e Cut off is rigidity dependent
Measure M and E

* Scale to known to get
unknown g
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Charge states \

* Methods
*E/q+dEVF

* Geomagnetic filter
e Use Earth’s B field

e Cut off is rigidity dependent
Measure M and E

* Scale to known to get
unknown g
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Charge stat
 Advantages

* Important information
* Disadvantages

 Limited energy range (high or low)
* Somewhat fragile forlow E
* Requires correct orbit for high E




Spacecraft e

* Different trade-offs,a". ,

» Advanced Composition I

* Launched 1997
* Spinner at L1

* Solar Terrestrial Relations Observatory (STEREO)
* Launched 2006
* Non-spinners, twin spacecraft drifting relative to Earth at 1 AU

* Parker Solar Probe (PSP)
* Launched 2018 _
* Elliptical orbit, perihelion very close to.. 0 Rq)

* Solar Orbiter (SolO)=" -
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ULEIS Telescope Cross Section
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STEREO

* In situ measurements of :
pa rt | C I €5 dil d C M E Composition Measurements with IMPACT/SEP
transients (IMPACT)

* Solar electron and proton
telescope (SEPT)

e Suprathermal ion telescope
(SIT)

* Low energy telescope (LET)
* High energy telescope (HET)
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Ion Telescope (SIT
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Solar Maximum Proton Spectra at 1 AU

PSP

* Integrated science
investigation of the Sun
(1SOIS)

* Energetic particle instrument
— Lo (EPI-Lo)

* Energetic particle instrument
— Hi (EPI-Hi; LET, HET)
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SolO

* Energetic particle
detector (EPD)

e Suprathermal electrons
and protons (STEP)

* Electron proton telescope
=4

e Suprathermal ion

spectrograph (SIS)

* High energy telescope
(HET)

0.1 1
E/m [MeV/nuc ]
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Superposition of 5 keV proton FOVs (magnet and interal channels, side view)
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Considerations in using data

* Mode of instrument

e Saturation
* Livetime
* Pileup

* Background

* Pointing not nominal
* PSP pointing, mag rolls
* STEREO flipped for coms




Considerations In
* Mode of instrument

* Saturation
* Livetime
* Pileup
* Background
* Pointing not nominal
* PSP pointing, mag rolls
* STEREO flipped for coms
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* Mode of instrument

e Saturation
* Livetime
* Pileup
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* Background

* Pointing not nominal
* PSP pointing, mag rolls
* STEREO flipped for coms
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Considerations in

* Mode of instrument

e Saturation
* Livetime
* Pileup
* Background

Sector 0; a—a

* Pointing not nominal w Sector 5: b-b
* PSP pointing, mag rolls
* STEREO flipped for coms
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